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Description 

TECHNICAL FIELD 

This invention relates to a superconducting com- s 
posite wire which comprises a metal sheath filled with 
a compound having a perovskite structure, the com- 
pound comprising a Y-incIuding rare earth element 
(hereinafter indicated by a symbol R), an alkaline 
earth metal (hereinafter indicated by a symbol A), 10 
copper (Cu) and oxygen (0) (hereinafter, the com- 
pound being referred to as a superconducting ceram- 
ics), to a superconducting composite cable which 
comprises a plurality of such superconducting wires 
bundled to each other, and to a process for fabricating is 
them. Such a wire is known from Japanese Journal 
of Applied Physics, vol. 26, no. 10, October 1987, pa- 
ges 1653-1656. 

BACKGROUND ART 20 

Generally, processes for fabricating wires using 
the superconducting ceramics include the following 
steps: 

(a) a step of providing starting powders, i.e., an 25 
R 2 0 3 powder, an alkaline earth metal carbonate 
powder as the component A, and CuO powder, 
each having an average grain size of not greater 
than 10 urn, compounding and mixing them in a 
predetermined compounding ratio, to obtain a 30 
mixed powder, calcining the mixed powder in the 

air or in an oxygenic atmosphere, at a tempera- 
ture of from 850 to 950°C to form superconduct- 
ing ceramics having a perovskite structure, and 
grinding the ceramics to obtain powder of an 35 
average grain size of not greater than 10 um, 

(b) a step of filling a pipe of silver (Ag) with the 
superconducting powder ground in the previous 
step, sealing the both ends of the pipe under va- 
cuum, and subjecting the silver pipe filled with 40 
the ground powder to drawing operations, e.g., 
swaging, roiling with grooved rolls, processing 

with a die, or the like, to produce a wire having a 
diameter of not greater than 5 mm as shown in 
Figure 1, 45 

(c) a final step of sintering the superconducting 
ceramics powder filled in the wire and then sub- 
jecting the filled Ag pipe to heat-treatment in the 
air or in an oxygenic atmosphere so that the cer- 
amics can absorb oxygen enough to be required, so 
at a temperature of from 900 to 950°C to produce 

a final product. 

Subsequent to the above-described steps 
(a) and (b) have been performed the following 
step: 55 
(c') a step of bundling a plurality of the supercon- 
ducting wires as shown in Figure 1 and then cov- 
ering the bundle with a tube made of Ag to form 



a cable, subjecting the cable to a processing with 
a die, if required, and to a heat-treatment in the 
air or in an oxygenic atmosphere, at a tempera- 
ture of from 900 to 950°C for sintering the super- 
conducting ceramics powder to produce a super- 
conducting cable. 

In the above described conventional step (c) or 
(C), the superconducting ceramic powder is heat- 
treated to sinter it and to enable it to absorb oxygen. 
In this case, because the temperature of the heat- 
treatment is in the range of 900 to 950°C, which is 
close to the melting point of Ag, the strength of Ag de- 
creases, and the Ag wires filled with the supercon- 
ducting powders or the superconducting cables be- 
come softened and tend to be easily bent or generate 
discontinuity or cut-off in the superconducting ceram- 
ics by careless bending. As a result, the conventional 
superconducting wires and cables are difficult to han- 
dle, and they break sometimes down during heat- 
treatment 

Accordingly, one might consider the possibility of 
using, as covering materials for the above described 
superconducting ceramics or wires, metals other than 
Ag (hereinafter, referred to as non-Ag metals), i.e., 
materials having excellent strength at high tempera- 
tures, including, for example, nickel alloys such as In- 
conel and Hastelloy, stainless steel, or the like. How- 
ever, the non-Ag metals are disadvantageous be- 
cause they cannot perform dispersion, penetration 
and discharge of oxygen. Specifically, in the super- 
conducting wires and cables having sheath made of 
non-Ag metals, bulges are formed in the wires or 
cables because of oxygen released from the super- 
conducting ceramics filled in the sheath. In the case 
of the wires, oxygen cannot be supplied to the super- 
conducting ceramics when the superconducting cer- 
amics filled in the wires are subjected to the final 
heat-treatment performed in the air or in an oxygenic 
atmosphere to sinter the superconducting ceramics. 
In the case of the cables, when temperature of the 
cables is decreased after the sintering of the super- 
conducting ceramics, the ceramics cannot absorb 
oxygen. 

Up to now, the metals other than Ag are practical- 
ly unsuitable as covering materials for the supercon- 
ducting ceramics or the outermost covering materials 
for the superconducting cables. 

However, Ag has various problems in that it is 
very expensive, difficult to handle during high tem- 
perature heat-treatment, and has poor strength at 
high temperatures. In particular, the strength of the 
cables at room temperature is unsatisfactory. 

DISCLOSURE OF INVENTION 

Accordingly, the present inventors have inten- 
sively investigated, and as a result they have found 
that the above-described problems can be solved by 
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adopting a structure in which a pipe or tube, which is 
used as the outermost layer for forming the supercon- 
ducting structural body, i.e., the superconducting 
wires or cables, includes an Ag portion and a non-Ag 
metal portion, the Ag portion exists throughout from s 
the inner face to the outer face of the pipe or the tube, 
and the superconducting ceramics portion disposed 
in the superconducting structural body and the non- 
Ag metal portion used as the material for the outer- 
most layer indirectly contact each other through the 10 
Ag materials. 

More specifically, in the case of the supercon- 
ducting wires, it has been found that when a compo- 
site pipe which is made of a material having excellent 
mechanical strength at high temperatures and which is 
has the Ag portion included from the inner to the outer 
faces of the wall thereof, with an inner layer of Ag 
formed at the inner face thereof, is filled with the su- 
perconducting ceramics and then the obtained com- 
posite pipe is subjected to drawing, oxygen released 20 
from the superconducting ceramics during the draw- 
ing can be diffused or discharged through the Ag por- 
tion to the ambient, so that a bulge is hardly formed 
in the wire. Also, it has been found that even when the 
composite wire produced by drawing is subjected to 25 
heat-treatment in the air or in an oxygenic atmos- 
phere, the mechanical strength of the wire is retained 
by the non-Ag metal portion and oxygen is supplied 
to the superconducting ceramics via the Ag portion, 
resulting in that the deficiency of the mechanical 30 
strength of the wire occurring during the heat- 
treatment can be resolved. 

In the case of the superconducting cable, it has 
been found that when a composite tube is provided 
which includes an Ag portion and a non-Ag portion, 35 
with the Ag portion existing from the inner to outer 
faces thereof, and a superconducting composite 
cable is produced by covering a plurality of the super- 
conducting wires with the composite tube, the result- 
ing composite tube has excellent mechanical 40 
strength at high temperatures or room temperature, 
no bulge is formed in the composite cable because 
oxygen released from the superconducting ceramics 
is diffused through the Ag portion and discharged to 
the ambient, and furthermore after the superconduct- 45 . 
ing ceramics filled in the cable is sintered, oxygen can 
diffuse through the Ag portion of the composite tube 
into the superconducting ceramics and absorbed 
thereby. 

This invention has been made on the basis of the so 
above-described discoveries. 

Accordingly, it is a first object of this invention to 
provide a superconducting structural body compris- 
ing a superconducting ceramics and a metal sheath 
surrounding the ceramics, the metal sheath including ss 
an Ag portion and a non-Ag metal portion, the Ag por- 
tion existing from the inner to outer faces of the 
sheath, and the superconducting ceramics portion in 



the structure and the non-Ag portion used as a struc- 
tural material for the metal sheath as the outermost 
layer being indirectly contacted each other through 
the Ag portion. 

It is a second object of this invention to provide a 
superconducting wire comprising a composite pipe 
having an inner layer made of Ag material and an out- 
er layer including an Ag portion and a non-Ag portion, 
the Ag portion of the outer layer being solid with the 
Ag material of the inner layer and exposed on the out- 
er surface of the composite pipe, and a superconduct- 
ing ceramics filled in the composite pipe. 

It is a third object of this invention to provide a su- 
perconducting composite cable comprising a plurality 
of Ag-sheathed superconducting wires each being fil- 
led with superconducting ceramics, and a composite 
tube including an Ag portion and a non-Ag metal por- 
tion, the Ag portion existing from the inner to outer 
faces thereof, the superconducting wires being cov- 
ered with the composite tube. 1 

It is a fourth object of this invention to provide a 
process for fabricating a superconducting composite 
wire comprising the steps of: 

filling a composite tube with a superconduct- 
ing ceramics, the composite tube including an inner 
layer made of Ag material and an outer layer including 
an Ag portion and a non-Ag portion, the Ag portion of 
the outer layer solid with the Ag material of the inner 
layer and exposed on the outer surface of the com- 
posite tube, 

sealing the both ends of the composite tube fil- 
led with the superconducting ceramics under va- 
cuum, 

. drawing the sealed composite tube, and 
heating the sealed composite tube drawn by 
the previous step. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 shows a schematical perspective view, 
with portions broken away for clarity, of the con- 
ventional Ag-sheathed superconducting wire; 
Figures 2 through 5 show schematical perspec- 
tive views, with portions broken away for clarity, 
of superconducting composite wires according to 
the present invention, respectively; 
Figures 6 through 1 0 show schematical perspec- 
tive views, with portions broken away for clarity, 
of superconducting composite cables according 
to the present invention, respectively, and 
Figure 11 shows a schematical perspective view, 
with portions broken away for clarity, of a compo- 
site pipe which is used as a superconducting 
composite wire of Example 1. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

In the present invention, not only Y-including rare 
earth elements based superconducting ceramics ox- s 
ide but also Bi-based superconducting ceramics ox- 
ide such as BiSrCaCu 2 O yi Bi2Sr2Ca 2 Cu30 y , 
(Bi t Pb)SrCaCu0 1 .5_ 2 . Tl-based superconducting cer- 
amics oxide such as TI 2 Ba 2 Ca 2 Cu 3 O x , *n(Ba,Sr) 2 Ca- 
CuO, can be used as superconducting ceramics, as w 
far as the superconducting ceramics has a perovskite 
structure and can easily release oxygen. 

In the present invention, there can be used, as a 
material for the Ag portion, not only pure Ag but also 
Ag-based alloys which contain one or more metals 15 
such as platinum (Pt) that do not react with the super- 
conducting ceramics and give a good influence upon 
the strength of the superconducting wires in amounts 
not preventing oxygen permeation. 

Hereinafter, characteristics and advantages of 20 
this invention will be explained in greater detail, with 
reference to the best modes of this invention illustrat- 
ed in the attached drawings. 

Figures 2 through 5 substantially illustrate the 
structure of the superconducting composite wire. In 25 
Figures 2 through 5, reference numeral 1 denotes a 
portion of a metal other than Ag (non-Ag metal por- 
tion) having high mechanical strength at high temper- 
atures. The non-Ag metal portion is preferably made 
of Austen ite- based stainless steels, Ni- alloys such as 30 
Inconel, Hastelloy, or the like. In the superconducting 
composite wires according to the present invention, 
the reason why the inner layer is made of Ag materials 
is that when the superconducting ceramics is subject- 
ed to heat-treatment while contacting with the non-Ag 35 
metal materials such as Austenite- based stainless 
steel and the like, a chemical reaction takes place to 
generate oxides such as NiO, FeO, Fe 2 03, Cr 2 0 3 or 
the like, resulting in the deterioration of the supercon- 
ductive characteristics to a greater extent Reference 40 
, numeral 2 denotes an Ag portion in which the inner 
layer and a part of the outer layer of the composite 
wire are made of Ag. The Ag portion 2 in the outer lay- 
er is solid with the Ag of the inner layer 4, and is ex- 
posed on the outer surface of the composite wire. The 45 
superconducting composite wire is comprised by 
such composite pipe as described above and the su- 
perconducting ceramics 3 filled therein. As shown in 
Figures 2 through 5, the Ag portions are exposed on 
a portion of the outer layer of the wire. Accordingly, so 
when the Ag portions are subjected to heat-treatment 
for sintering the superconducting ceramics, oxygen is 
supplied by diffusion through the Ag portions in the 
outer layer to the inside of the wire. Thus, oxygen is 
supplied to the superconducting ceramics. 55 

The Ag portions in the outer layer may have an 
oval-shaped as shown in Figure 2, a rectangular- 
shaped as shown in Figure 3, a paralleled belt-shaped 



as shown in Figure 4, and a crack-shaped as shown 
in Figure 5. However, the shape of the Ag portion 2 is 
not restricted to the above-described ones, and may 
take any desired shape. Although each of the compo- 
site wires has a circular cross section, the cross sec- 
tion is not restricted to the circular shape and may 
take any desired shape such as a polygonal-shape in- 
cluding a square-shape, a rectangular-shape, a hex- 
agonal-shape, an oval-shape, or the like. 

Figures 6 through 10 each shows a schematical 
partial sectional view, with portions broken away for 
clarity, of the above described superconducting com- 
posite cables. In Figures 6 through 10, reference nu- 
meral 11 denotes a non-Ag metal portion, 12 denotes 
an Ag portion, 13 denotes superconducting ceramics, 
and 14 denotes Ag. For comparison, a schematical 
partial sectional view, with portions broken away for 
clarity, of a superconducting wire including supercon- 
ducting ceramics 13 and Ag 14 shown in Figure 1. 

It is preferred that the above described materials 
for the non-Ag metal portions 11 be, as in the super- 
conducting composite wire, Austenite based stainless 
steels such as SUS304 or the like, Ni-alloys such as 
Inconel, Hastelloy, and the like, respectively. The 
above-described Ag portions 12 are present from the 
inner to the outer faces of the composite tube, and 
serve to diffuse oxygen released from the supercon- 
ducting ceramics 13 to the ambient, and also supply 
oxygen to the ceramics 13 from the ambient Accord- 
ingly, because parts of the composite tube is made of 
the Ag portion 1 2, a bulge is not formed in the com- 
posite tube since oxygen is released from the super- 
conducting ceramics 13 through the Ag portion 12. 
Also, oxygen from the ambient can be passed 
through the Ag portion 12 in the composite tube to 
thereby supply oxygen to the superconducting cer- 
amics 13. 

As described above, the composite tube compris- 
es the non-Ag metal portion 11 and the Ag portion 12. 
The Ag portion 12 may have an oval-shape as shown 
in Figure 6, a rectangular-shape as shown in Figure 
7, a circular-shape as shown in Figure 8, a paralleled 
belt-shape as shown in Figure 9, and a spiral-shape 
as shown in Figure 10, and the shape thereof is not 
restricted to the above listed ones. 

Furthermore, the superconducting composite 
cable as illustrated in Figures 6 through 10 has a cir- 
cular cross section. However, the shape of the cross 
section is not restricted to circular, and may be a poly- 
gonal such as square, rectangular, hexagonal, or oval 
or any desired shape. 

The above described metal sheath, concretely, 
the composite pipe in the superconducting composite 
wire, or the composite tube in the superconducting 
composite cable of this invention, can be produced by 
inserting a pipe of Ag or the like into a tube or a pipe 
each having a plurality of windows (perforations or 
the like) according to a conventional clad method or 
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a method similar thereto and unifying them by draw- 
ing. 

EXAMPLES 

Next, the present invention will be concretely ex- 
plained with reference to the following examples. 

Example 1 
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As starting powder, Y 2 0 3 powder, BaC0 3 powder 
and CuO powder each having an average grain size 
of 6 urn are provided and blended in a blend ratio: 
Y 2 0 3 :15.13%, BaC03:52.89%, CuO:31.98% ,(% by 
weight). The blended powder are calcined in the air, 15 
at a temperature of 910°C, for a retention time of 10 
hours, and then ground to obtain powder having an 
average grain size of 2.5 urn. Thus, a superconduct- 
ing ceramics powder is produced which has a compo- 
sition of YBa 2 Cu 3 0 7 and has a perovskite structure. 20 

On the other hand, a composite pipe as illustrat- 
ed in Figure 11 is provided. The composite pipe com- 
prises an inner layer 4 made of Ag and an outer layer 
including an Ag portion 2 and Austenite based stain- 
less steel 1 made of SUS304. The inner layer 4 has 25 
dimensions of thickness: 0.5 mm x inner diameter 5.0 
mm, and the outer layer has dimensions of thickness: 
0.5 mm x outer diameter 7.0 mm. The Ag portion 2 of 
the outer layer has a ring-shaped and has diameter of 
1 .8 mm. 30 

The above-described composite pipe is filled with 
the superconducting ceramics powder 3, and then 
both ends thereof are sealed under vacuum. The 
sealed composite pipe is subjected to rotary-swaging 
to obtain a wire having a diameter of 3.0 mm, and then 35 
the wire is subjected to rolling with grooved rolls to ob- 
tain a superconducting composite wire having a diam- 
eter of 2.0 mm. The superconducting composite wire 
has dimensions of thickness of inner layer thereof: 0.2 
mm and thickness of outer layer thereof: 0.2 mm. On *" 40 
the surface of the superconducting composite wire, 
the oval-shaped Ag portions are exposed. 

The thus-obtained superconducting composite 
wire is subjected to heat-treatment in an oxygenic at- 
mosphere, at temperature of 920°C, for a retention 45 
time of 15 hours. As a result, the superconducting 
composite wire does not cause the troubles encoun- 
tered in the conventional superconducting composite 
wire covered with Ag sheath. Specifically, the super- 
conducting composite wire according to this invention 50 
is hardly bent during the heat-treatment, and is hardly 
broken down. Further, the wire is able to be easily 
handled. 

The characteristics of the superconducting com- 
posite wire are measured and the results of the critical 55 
temperature (Tc): 91 °K and critical current value (Jc): 
3200A/cm 2 are obtained. 

For comparison, the superconducting wire cov- 



ered with Ag sheath having the same dimensions as 
the superconducting composite wire according to the 
present invention is provided, and the characteristics 
of the superconducting composite wire is measured 
and the results of the critical temperature (Tc): 91 °K 
and critical current value (Jc): 3250A/cm 2 are ob- 
tained. 

Example 2 

As starting powder, Y 2 0 3 powder, BaC0 3 powder 
and CuO powder each having an average grain size 
of 6 urn are provided and blended in a blend ratio: 
Y 2 0 3 :15.13%, BaC0 3 :52.89%, CuO:31.98% (% by 
weight). The blended powder is calcined in the air, at 
a temperature of 910°C, for a retention time of 10 
hours, and then ground to obtain powder having an 
average grain size of 2.5 um. Thus, a superconduct- 
ing ceramics powder is produced which has a compo- 
sition of YBa 2 Cu 3 0 7 and has a perovskite structure. 

A case of Ag having dimensions of inner diame- 
ter 5 mm x thickness: 1 mm x length: 200 mm is filled 
with the superconducting ceramics powder thus, ob- 
tained, and both ends thereof are sealed under va- 
cuum. Subsequently, the Ag case is subjected to cold 
rotary-swaging and cold rolling with grooved rolls. Fi- 
nally, the Ag case is subjected to rolling with grooved 
rolls to obtain forty superconducting wires each hav- 
ing dimensions of diameter 2.0 mm x length: 1700 
mm. 

On the other hand, a composite tube including Ag 
portions and SUS304 Austenite based stainless steel 
portions and having dimensions of inner diameter 10 
mm x thickness: 1 .5 mm x length: 1000 mm is provid- 
ed. The composite tube is filled with twenty of the 
above described superconducting wires, and then is 
subjected to processing with a die to obtain a super- 
conducting composite cable having a diameter of 7 
mm. Next, the superconducting composite cable is 
subjected to heat-treatment in an oxygenic atmos- 
phere, at temperature of 920°C, and for a retention 
time of 15 hours. The characteristics of the supercon- 
ducting composite cable thus-obtained is measured 
and the results of the critical temperature (Tc): 92°K 
and critical current value (Jc): 4300A/cm 2 are ob- 
tained. 

On the other hand, for comparison, a tube made 
of pure Ag having dimensions of inner diameter 10 
mm x thickness: 1.5 mm x length: 1000 mm is filled 
with the rest twenty superconducting wires, and then 
is subjected to rolling with a die to obtain a supercon- 
ducting cable having a diameter of 7 mm. The thus- 
obtained superconducting cable is subjected to the 
same heat-treatment as that of the above-described 
superconducting composite cable, and the character- 
istics of the superconducting cable are measured. 
The results of the critical temperature (Tc): 92°K and 
critical current value (Jc): 431 OA/cm 2 are obtained. 
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INDUSTRIAL APPLICABILITY 

Making a comparison between the supercon- 
ducting composite wire and cable according to this in- 
vention and the conventional superconducting wire 
and cable, there is no difference therebetween as to 
the superconductive characteristics. However, in the 
superconducting composite wire and cable, the con- 
tent of Ag, which is very expensive, can be reduced 
in comparison with the conventional wire and cable of 
this invention. Also, materials used have excellent 
strength at high temperatures. Accordingly, the su- 
perconducting composite wire and cable cause no 
trouble such as the breaking of the wire and. cable, 
which would conventionally occur in the final heat- 
treatment step, so that they can be produced with 
high productivity. Furthermore, because they have 
excellent strength at room temperature, they can be 
handled without special care, and can be serviced 
and examined at ease even after installment. 



of the composite tube, the superconducting wires 
being covered with the composite tube. 

4. A process for fabricating superconducting com- 
5 posite wire comprising steps of: 

v filling a composite tube with a supercon- 
ducting ceramics, the composite tube having an 
inner layer made of Ag material and an outer layer 
including 

10 an Ag portion and 

a non-Ag metal portion, 
the Ag portion of the outer layer being solid with 
the Ag material of the inner layer and exposed on 
the outer surface of the composite tube, 
15 sealing the both ends of the composite 

tube under vacuum, 

drawing the sealed composite tube, and 
subjecting the thus drawn tube to heat- 
treatment 

20 



Claims 

1. A superconducting structural body comprising 

a superconducting ceramics and 
a metal sheath surrounding the supercon- 
ducting ceramics, 

the metal sheath including 
an Ag portion and 
a non-Ag metal portion, 
the Ag portion existing from inner to outer faces 
of the metai sheath, and the superconducting cer- 
amics portion existing in the structural body and 
the non-Ag metal portion used as a structural 
material for the metal sheath as the outermost 
layer indirectly contacting each other through the 
Ag material. 

2. A superconducting composite wire comprising 

a composite pipe having an inner layer 
made of Ag material and an outer layer including 
an Ag portion and 
a non-Ag metal portion, 
the Ag portion of the outer layer being solid with 
the Ag material of the inner layer and exposed on 
the outer surface of the composite pipe, and 

superconducting ceramics filled in the 
composite pipe. 

3. A superconducting composite cable comprising 

a plurality of superconducting wires cov- 
ered with an Ag material and filled with supercon- 
ducting ceramics, and 

a composite tube including 
an Ag portion, and 
a non-Ag metal portion, 
the Ag portion existing from inner to outer feces 



Patentanspruche 

1 . Ein supraleitfahiger Strukturkorper, der auf weist 
25 eine supraleitfahige Keramik und 

eine Metallhuile, die die supraleitfahige Keramik 
umgibt, 

wobei die Metallhuile einen Ag-Anteii und einen 
Anteil eines Nicht-Ag- Metal Is einschlie&t, 

30 wobei der AG-Anteil von der inneren bis zur au- 

fceren Flache der Metallhuile vorhanden ist, und 
wobei der in dem Strukturkorper vorhandene An- 
teil der supraleitfahigen Keramik und derals Kon- 
struktionsmaterial fur die Metallhuile als au&er- 

35 ste Schicht verwendete Anteil eines Nicht-Ag- 

Metalls miteinander indirekt uberdas Ag -Material 
im Kontakt sind. 

2. Ein supraleitfahiger Verbunddraht, der aufweist 
40 ein Verbundrohr mit einer Innenschicht, die aus 

einem Ag-Material hergestellt ist, und einer Au- 
denschicht, die einen Ag-Anteil und einen Anteil 
eines Nicht-Ag- Metal Is einschliefit, 
wobei der Ag-Anteil der Au&enschicht einen fe- 
45 sten Bestandteil des Ag-Materials der Innen- 
schicht darstellt und gegenuber der AuBenober- 
fldche des Verbundrohres freiliegt, und 
eine supraleitfahige Keramik, die in das Verbund- 
rohr eingef ullt ist. 

50 

3. Ein supraleitfShiges Verbundkabel, das aufweist 
eine Vielzahl von supraleitfahigen Drahten, die 
von einem Ag-Material bedeckt sind und mit einer 
supraleitfahigen Keramik gefullt sind, und 

55 ein Verbundrohr, das einen Ag-Anteil und einen 

Anteil eines Nicht-Ag-Metalls einschlie&t, wobei 
der Ag-Anteil von der inneren Oberflache des 
Verbundrohrs bis zur au&eren Oberflache vor- 
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handen ist und wobei die supraleitfahigen Drahte 
von dem Verbundrohr bedeckt sind. 

4. Verfahren zur Herstellung eines supraleitfahigen 
Verbunddrahtes, das die Schritte aufweist: s 
Fullen eines Verbundrohres miteiner supraleitfa- 
higen Keramik, wobei das Verbundrohr eine In- 
nenschicht aufweist die aus einem Ag-Material 
hergestellt ist, sowie eine Audenschicht, die ei- 
nen Ag-Anteil und einen Anteil eines Nicht-Ag- 10 
Metalls einschliefit, 

wobei der Ag-Anteil der Au&enschicht ein fester 
Bestandteil desAg- Materials der Innenschicht ist 
und gegenuber der Au&enoberflache des Ver- 
bundrohres freiliegt, 15 
Verschlie&en der beiden Enden des Verbundroh- 
res unter Vakuum, Ziehen des verschlossenen 
Verbundrohres, und 

Unterwerfen des so gezogenen Rohres einer 
Warmebehandlung. 20 



Revendications 

1. Corps structurel supraconducteur comportant 25 

une ceramique supraconductrice et 
un fourreau en metal entourant la cerami- 
que supraconductrice, 

le fourreau metallique comprenant 

une partie en Aget 30 
une partie en metal non-Ag, 
la partie en Ag etant presents entre la face inte- 
rieure et la face exterieure du fourreau metalli- 
que, et la partie en ceramique supraconductrice 
etant presente dans ie corps structurel, et la par- 35 
tie en metal non-Ag utilises comme materiau 
structurel pour le fourreau metallique, . comme 
couche la plus externe, mettant indirectement en 
contact Tune avec Tautre par llntermediaire^du ' 
materiau en Ag. ' 46 

2. Fil composite supraconducteur comportant 

un tube composite presentant une couche 
interieure realisee en materiau en Aget une cou- 
che exterieure comprenant 45 
une partie en Ag et 
, une partie' en metal non-Ag, 
la partie en Ag de la couche exterieure etant d'un 
seul tenant avec le materiau en Ag de la couche 
interieure, et etant exposee a la surface exterieu- so 
re du tube composite, et 

une ceramique supraconductrice remplis- 
sant le tube composite. 



un tube composite comprenant 
une partie en Ag, et 
une partie en metal non-Ag, 
la partie en Ag etant presente entre la face inte- 
rieure et la face exterieure du tube composite, les 
fils supraconducteurs etant recouverts par le 
tube composite. 

Procede de fabrication d'un fil composite supra- 
conducteur, comportant les etapes consistent a: 

remplir un tube composite d'une cerami- 
que supraconductrice, ie tube composite presen- 
tant une couche interieure realisee en materiau 
en Ag et une couche exterieure comprenant: 
une partie en Ag et 
une partie en metal non-Ag, 
la partie en Ag de la couche exterieure etant d'un 
seul tenant avec le materiau en Ag de la couche 
interieure, et etant exposee a la surface exterieu- 
re du tube composite, 

sceller sous vide les deux extremites du 
tube composite, 

etirer ie tube composite scelle, et 

soumettre le tube ainsi etire a un traite- 
ment thermique. 



3. Cable composite supraconducteur comportant 55 
plusieurs fils supraconducteurs recou- 
verts d'un materiau en Ag et remplis de cerami- 
que supraconductrice, et 
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FIG. 3 
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